A 75-year-old man was diagnosed with alcaptonuria by direct identification of homogentisic acid in the urine using gas chromatography-massspectrometry. Complications included valvular heart disease with marked calcification detected by two-dimensional color-Doppler echocardiography and recurrent bacterial infection. Immunological analyses revealed a reduced number of T cells with compensatory expansion of CD56+, CD57+natural killer (NK) cell population and impaired functions of cellular immunity such as phytohemagglutinin response, antibody-dependent cellular cytotoxicity, NK activity and interleukin-2 production. Humoral immunity and neutrophil functions were considered to be normal. This is the first reported case of alcaptonuria to our knowledge in which immunological abnormality was documented. (Internal Medicine 33: 512-516, 1994) 
Introduction
Alcaptonuria is a rare hereditary, metabolic disease in which the enzyme homogentisic acid oxidase is lacking (1) . This enzyme catalyzes the oxygenation of homogentisic acid, an intermediary product in the metabolism of phenylalanine and tyrosine. A deficiency of this enzyme, which is normally localized in the liver and kidney, leads to excretion of homogentisic acid in the urine and accumulation of homogentisic acid polymer within the connective tissue. In many patients, no abnormality is ever detected during childhood, if the darkening of the color of the urine after standing for some time or under alkali condition is not incidentally detected. Although homogentisic acid itself is harmless to the organs, the deposit of homogentisic acid polymer in connective tissues with advancing age causes the characteristic features of blue-black pigmentation or so-called ochronosis, arthritis, and heart valvular disease in addition to homogentisic aciduria. There are very few reports describing full clinical study of alcaptonuria. Wedescribe a case of alcaptonuria that was first diagnosed whenthe patient was 75-years-old together with the findings of an extensive evaluation, especially of the cardiovascular disorders and immunological features.
Case Report
The 75-year-old male patient had been suffering from frequent infectious arthritis of the knee and shoulderjoints and had been referred to our hospital for evaluation of immunological function. Twomonths before admission, he had been diagnosed with bacterial arthritis of the shoulder joints and had suffered from pain and swelling in the right knee joint for one month before admission. Staphylococcus aureus was isolated from the puncture of the joint cavity. In spite of massive administration of several antibiotics to which the isolated bacteria were sensitive, the symptomdid not resolve. Onadmission, puncture of the shoulder and knee joint cavities yielded bloody fluid, from which the same species of bacteria was isolated again. X-ray films of the right shoulder revealed narrowing of the acromiohumeral joint space and calcification of the humeral head ( Fig. 1 ). As shown in Table 1 , a blood coagulation test revealed an extreme reduction of both prothrombin time (PT) (6%) and activated partial thromboplastin time (APTT) (8%), which were corrected by addition of normal plasma. Wepresumedthat massive administration of antibiotics had caused the depletion of vitamin K-dependent coagulation factors by destruction of the normal bacterial flora of the intestine, leading to intraarthrocavity bleeding. Oral administration of vitamin K normalized the PT and APTTvalues and contributed to the improvement of the bacterial arthritis. After his admission, wenoted the two characteristic features of blue-black areas of pigmentation on the face, external ears, nose and eyes ( Fig. 2) and darkening of the patient's urine after standing overnight (Fig. 3) . These findings compelled us to conduct further investigations of the disease in this patient. In detailed interviews, the patient recalled that during childhood his urine left on a diaper turned dark whenit was washed with alkaline soap. However, he had been asymptomatic until his 5th decade, when he frequently noted arthritis symptoms in the hip, knee and shoulder joints and sought medical care at a local hospital. Ochronotic change on his face was first identified when he was in his 60s. This history of illness was considered comparable to the typical progression in alcaptonuria, although his parents were not consanguineous. To test this tentative diagnosis, we examined organic acids as the trimethylsilyl derivatives, which were extracted from the patient's pooled urine together with 100 jig heptadecanoic acid (Sigma, St. Louis, MO, USA)as an internal standard, to detect homogentisic acid using gas chromatography-mass spectrometry, as described previously (2) . The chromatogram revealed six major peaks, identified as peaks a through f on Fig. 4 . Peaks b, c and f were identical with urea, parahydroxyphenylacetic acid, and heptadecanoic acid as an internal standard. Peaks a, d and e were unknownand no peaks were detected at their positions in the urine from a healthy person (data not shown). The retention time of authentic homogentisic acid was 3 1 min, at which Peak d was detected. In addition, the mass spectrum of Peak d was identical in every respect to that of the trimethylsilyl derivative of authentic homogentisic acid (Fig. 5A, B) , indicating that this peak was that ofhomogentisic acid. Based on these results, the diagnosis wasconfirmed as alcaptonuria. In addition to the ochronotic pigmentation and dark urine, the abnormal physical findings included kyphotic posture, 72/ min pulse rate with occasional deficits, accentuation of the second heart sound, and a grade I/VI systolic murmurat the third left sternal border. Blood pressure was normal (1 10/70 mmHg). Neurological examination was negative, and no lymphadenopathy was found. The electrocardiogram revealed ventricular premature contracture. For clarification of the abnormality of the heart, two-dimensional color-Doppler echocardiography was performed. As shown in Fig. 6A , calcifications of the aortic and mitral valves were seen. The left atrial cavity was slightly enlarged, but the size of the other cavities was within normal limits. Hypertrophic change of the myocardium was not found. The Doppler study revealed moderate aortic regurgitation (Fig. 6B ), mild mitral regurgitation (Fig. 6C) , and moderate aortic stenosis (Fig. 6D) ; peak flow velocity was 3.1 m/sec. The laboratory findings on admission are summarizedin Table 1 . The reticulocyte count was markedly increased, suggesting that his anemia was due to intraarticular hemorrhage and/or chronic inflammation. Renal function was moderately heptadecanoic acid (100 (ig) as an internal standard. impaired. Hepatic function was normal. The level of protein induced by vitamin K absence (PIVKA)-II was high due to the deficiency of vitamin K. The erythrocyte sedimentation rate (ESR) was 79 mm/hr and C-reactive protein (CRP) was 9.25 mg/dl. Interestingly, a specimen of arterial blood, drawn while the patient was breathing room air, showed marked metabolic acidosis but normal pH value (7.43) because of respiratory compensation. This shift of acid-base balance was presumably due to accumulation of homogentisic acid in the circulation.
The immunological background associated with the frequent infectious arthritis was investigated; the results of the humoral and cellular immunity tests are summarized in Table  2 . The level of serum IgG was high, but that of other immunoglobulins was normal. Epstein-Barr Virus (EBV)-viral capsid antigen (VCA) IgG was positive (xl60). Serum levels of complements were normal. These findings indicated that the humoral immunity of the patient was normal. In the evaluation of the cellular immunity function, cytofluorometric analysis of peripheral lymphocytes revealed inversion of the CD4/CD8 ratio (1 :2), expansion of the CD56+, CD57+ natural killer (NK)-cell population, and relative decrease of the number of CD3+T cells and CD1 9+ B cells. The altered expansion of the lymphocyte subsets wasconsidered to probably be due to the activation of the patient' s immune system by the bacterial infection. In spite of the increased number of NKcells, the NKactivity was very low as compared with that of a normal control. In addition, in the evaluation of T cell functions, the values of phytohemagglutinin (PHA) response, antibody-dependent cellular cytotoxicity (ADCC)and interleukin (IL)-2 production were all below the normal range. These results suggest that the cellular immunity was severely impaired. The functions of neutrophils, which play an important role at the inflammatory site, were assessed; migration, aggregation, and phagocytosis were intact and superoxide-production was relatively increased as compared with the normal control value (data not shown). Taken together, humoral immunity and neutrophil functions were intact, so that the susceptability to bacterial infection was not simply explained by impairment of cellular immunity. This susceptability mayhave been associated with the change of the local environments in the intraarthrocavity, specifically, ochronotic change of cartilage and hemorrhagic tendency. 
Discussion
Alcaptonuria is an extremely rare, autosomal recessive metabolic disorder, which is estimated to affect one in one million persons (3). It is usually clinically diagnosed during the late decades of life after the detection of the characteristic features of urinary color change, ochronotic arthritis, and ochronosis. In the present case, these symptomswere noted after the patient was in his 50s, but it was rather difficult to diagnose the disease based only on the symptoms because there was no specific laboratory value suggesting the diagnosis of a metabolic disorder. For this reason we attempted to directly identify accumulated homogentisic acid in the patient's urine using gas chromatography-mass spectrometry. This methodis not commonin clinics, but is very useful and recommended to confirm a diagnosis (2) . The deposition of ochronotic pigmentation is widely observed in alcaptonuria, not only in cartilage, tendons, ligaments, sclera, and skin, but also in various organs such as the kidney, lung, intima of the larger vessels, and heart (1, 4) . This pigmentation is thought to be closely associated with a degenerative change of the tissues, establishing a potential source of complications. In particular, the incidence of cardiovascular disease in elderly subjects with alcaptonuria is knownto be somewhathigher than that in the elderly population in general.
This complication is sometimes a cause of death. In the present patient, heart valvular diseases, including aortic stenosis and regurgitation and mitral regurgitation with marked calcification of the valves, were also disclosed by two-dimensional colorDoppler echocardiography. The lack of any causative reason for the valvular disease, such as rheumatic fever, suggested that the ochronotic change wasrelated to the pathogenesis of the aortic or mitral valve calcification. Indeed, such a relationship between ochronosis and valvular disease is supported by the results of an ultrastructural study of cardiovascular ochronosis , in which large deposits of extracellular ochronotic pigment were found to be associated with areas of valvular calcification (5) .
Patients with alcaptonuria usually survive for a long period without fatal complications, and their immunodeficiency has never been documented to our knowledge. However, the present patient showed severe impairment of lymphocyte functions as evaluated by PHA-response, ADCC,NKactivity, and IL-2-production. Theseresults suggest that the present patient was immunodeficient, although it is possible that the immunodeficiency was age-related because cellular immunity declines in association with aging in general (6) . However, the impairment of the present patient's cellular immunity was apparently rather more severe than that in normal elderly individuals in respect to the PHA-response and IL-2 production capacity of lymphocytes (6, 7) . Although homogentisic acid itself is thought to be harmless to the organs ( 1), lymphocytes might be affected by high concentrations of the acid in serum and/or disturbance of its catabolism in the cells. In view of the advanced age of the present patient, we consider it necessary to analyze the immunological functions in other patients with alcaptonuria to confirm whether this disease is commonlyassociated with immunological abnormality.
